JGP study develops mathematical model that describes how calcium signaling could be influenced by spine geometry and ultrastructure.
membrane pumps that remove the metal, and calcium-binding proteins that buffer cytosolic calcium. The model also incorporated the spine apparatus (5) , a specialized type of endoplasmic reticulum that can mop up calcium from the cytosol and is present in ∼14% of spines, particularly mature ones.
When Bell and colleagues adjusted the size of the spine head in their mathematical model, they found that smaller spines generate higher peak calcium concentrations, but the total amount of calcium they see over time is reduced. "So there's an interesting trade off that could have important functional implications," explains Bell. "Larger spines tend to be more stable, and even though they have lower calcium peaks, they are exposed to more total calcium, which corresponds to them seeing more information overall."
The effect of spine shape was far more subtle, however. "We thought that adjusting the spine head from a spheroid to an ellipsoid would have a much more dramatic effect," Rangamani admits. Instead, dendritic spine shape showed a complex, nonlinear relationship with calcium dynamics. This is because, while altering spine shape changes its surface area to volume ratio, thereby affecting calcium flux across the cell membrane, it also changes the distance between the postsynaptic density (a major location of calcium influx) and the spine apparatus (a major calcium sink that removes calcium from the cytosol).
Accordingly, changing the size or shape of the spine apparatus altered its capacity to act as a calcium sink and had similar nonlinear effects on calcium dynamics. Bell et al. speculate that spines may dynamically regulate their size and shape and control the presence or absence of the spine apparatus to fine tune their calcium dynamics for optimal synaptic function.
The researchers' model also reveals that calcium dynamics are affected by the spatial distribution of membrane fluxes and calcium buffers. Rangamani stresses that all of these factors should be taken into account when modeling the signals received by individual spines. The next step, the researchers say, is to model how all of these individual signals are integrated by the dendrite as a whole.
